P. sagittatum, Pent horum sedoides, Ranunculus pennsylvanicus, R. scleratus, R. delphinifolius, etc. (fig. i).
A study of the partial lists given above shows that they are not all xerophytes. There are at most only three zones which have bog flora as the characteristic plants. These are the floating sedge, the bog shrub, and the tamarack zones.
In the first of these only those plants rooting deep in the mat can be called bog xerophytes; those rooting in the surface layers are hydrophytes. The other zones are occupied by hydrophytes or mesophytes. An investigation has been carried on for several years by the author and some of his advanced students to determine as far as possible the edaphic conditions in the different areas outlined above. A short report has been given (5) and a more detailed account of some of the results is given in this paper.' Temperature The aerial parts of the bog plants are subjected to great extremes in temperature. Situated, as they are in the area under discussion, in low basins with often very steep sides, the air from the adjacent uplands drains into them, producing a temperature several degrees lower than that on the surrounding uplands during the night and early morning. During the day, however, very high temperatures have been recorded. Such temperatures have also been recorded by GANONG (IO, II) in New Brunswick.
Unless otherwise stated in the text, all temperature readings given in this paper, both for soil and air, were taken with Richard Freres, Paris, thermographs belonging to the University of Michigan. These instruments are shown in fig. 2 in the shelter in which they were kept in the field. The one on the left records the air, the other the soil temperatures. It was found, unfortunately, that the soil thermometer was unreliable when the tempera-,,Bog conditions in southern Michigan, which lies toward the southern limit of their distribution in this country, seem to be quite different from bog conditions farther north described by GANONG 
(i i).
This point was emphasized also by
TRANSEAU (I7, i8). See also BASTIN and DAVIS (I).

I9II] BURNS-HURON RIVER VALLEY
I09
ture of the air fell near the freezing point, and hence the early spring and late fall data were untrustworthy. In any temperature of the air ranging above 70 C., the records were found to be reliable. Table I shows that in the morning the temperature of the air in the bog is several degrees lower than that of the upland. The only exception in a much larger collection of data than published Fig. 3 reproduces the air record for the week July 2-9, i906, taken in the floating sedge zone at First Sister Lake.
The temperature of the soil, on the other hand, shows very slow variations during the season. There is great difference in soil temperatures at different depths, and they warm up very slowly, except for the shallow surface layer; they never get very cold. When making contour maps of the bottom of these lakes (3, 4) in winter, it was soon learned that although the ice might be IO inches (25.3 cm.) thick over open areas, a good thrust of the drill would usually send it through the thin ice near and beneath the tamaracks. Even in most severe weather it was necessary to wear rubber boots, as the thin ice continually broke under one's weight. What ice is formed, however, lasts long into the spring.
In taking soil temperatures, a square piece was sawed out of the peat and carefully removed. The long bulb of the thermo-RIVER VALLEY III graph was then inserted in the side of the opening parallel to the surface for about i8 inches (45.8 cm.), and the piece of peat was replaced. The surface arrangement was left as nearly normal as possible. Some of the records were made at Dead Lake, but most of them were made at First Sister Lake. These readings show a wide divergence of soil temperatures in the zones under consideration, and also at different depths in the same zone. This calls for a study of the depth of the root systems. For example, the high temperature of the soil at 25 mm. represents the condition for germination of the many seeds of "drained swamp'" plants which yearly lodge in the bog. This taken with the weak light and humid air, which will be considered later, makes an excellent place for germination of these seeds. On the other hand, the study of the root system shows that temperatures found at a depth of 45.8 cm. in the bog sedge and tamarack zones, especially, could not have a direct influence on the plants growing above, as they did not root in that layer but only in the surface layers. This is true even of the largest trees. Added to this fact is the additional consideration that peat is a very poor conductor of heat. The soil readings in these zones which are of the greatest importance are those taken near the surface in a study of reproduction, and those at moderate depths in the study of the present flora.
These data become ecologically important in the light of the work of TRANSEAU (i8, P. 22), who has shown by experiment that a temperature of io08 C. causes a diminution in the development of both roots and leaves. Although the trees began to open their buds the last of May, it was not until July that the temperature about the roots of the tamaracks reached a higher temperature.
II4 BOTANICAL GAZETTE
[AUGUST This was after the most active vegetative period. Conditions in the bog shrub zone closely resemble those just described. In bog sedge the records show less regularity and resemble more closely swamp conditions, especially, as has been said before, in bogs where this zone is narrow.
In the two outer zones, the temperatures recorded resemble more closely the upland and drained swamp conditions. Here they ranged about i8' C., in July reaching this mark early in the summer. They would have a less detrimental effect upon the root systems of the plants in these zones. . 6 . This is only one of numerous records which were taken, and shows the very slight variations in the temperature of the soil and the great variations in the temperature of the air. The greatest variation in soil was about i0 C.; that of the air was W7 C. In fig. 3 , the variation in air temperature was 25t u 5 C.
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Water table
The variations in the position of the water table from year to year and from month to month play a very important part in the succession of plant societies in these bogs. In i908 the level of the water in all bogs of southern Michigan was high. In i90i-I904, when the maps of Dead Lake were made (3), there was an island near the center, and it was customary to row out there and leave the supplies when working at the lake. That island in i908 was submerged, and one could row over it in i8 inches (45.8 cm.) of water. The flora of upland forms had disappeared with the exception of some stunted willows, and in its place were a few potamogetons, chiefly P. helerophyllus. At Whitmore Lake, north of Ann Arbor, the same rise in water has occurred, and what was a peninsula in I904 is now an island. The same fact is recorded by DAVIS (9, p. i62).
During a series of wet years the change in water level affects the vegetation in all zones except perhaps on the lakeward side of the floating sedge, which rises and falls with every change of level. Along shallow shores the factor is sufficient to control the character of the vegetation, as has been pointed out in the case of the island at Dead Lake. Its influence is also profound in those zones where the peat is solid. It may rise above the surface to a depth of several inches. With this rise there is also found an increase in the humidity of the air. During such periods Sphagnum sp. spreads rapidly toward the shore and may assume quite an important position in all zones except perhaps the marginal. An interesting example of the behavior of this moss during wet and dry periods is found at Mud Lake. Here a section was made which showed alternating layers of Sphagnum and Polytrichum corresponding to the wet and dry periods of previous years. As many as four layers were easily distinguished at Mud Lake.
In one case measured the shrubs stood in water which was i8 inches (45.8 cm.) deep one summer, and in water of various depths less than that for a period of at least three years. These plants then must be able to endure submergence for a long period, as has been pointed out by DAVIS.
ii6 BOTANICAL GAZETTE
[AUGUST During wet periods bog plants show a tendency to move shoreward. This is due to local conditions rather than to historic factors. Such movement is only temporary.
In the summer of i909 the island in the center of Dead Lake had begun to reappear. During the late summer the ground appeared in the higher parts, showing that the water level was getting lower. In less than ten years the island disappeared and in part reappeared, which indicates that these wet and dry periods may be of short duration. This is contrary to the belief, often expressed, that in southern Michigan they last about thirty years each.
The effect of the dry periods upon vegetation is also very marked. The relation of such periods to plant succession has been emphasized by DAVIS, who believes that they offer an explanation of the xerophytic structures of bog plants (9, p. i6o). During such periods the surface layers of the peat become exceedingly dry; this may extend to a depth of several feet. Fires which reduce the surface several feet are of common occurrence. The effect of fires upon plant succession has been given by
PENNINGTON (I3).
During this time there is very little water available in these surface layers for plants, and, as it will be shown later that the movement of water in peat is slow, it can easily be seen that the habitat is very dry, even omitting the usual factors of humus acid, low temperature, bog toxins, etc. The following table is given by DAVIS taken from WARRINGTON (Ig). In addition to the variation in water level due to wet and dry periods, there is the variation from month to month during each year. This difference is shown in fig. 7, which gives It has been shown in fig. 7 that the water table in the various parts of the bog stood at different heights during the summer. This is the controlling factor which makes the bogs in this region heterogeneous habitats, supporting xerophytes in three zones and hydrophytes or mesophytes in other zones.
The first effect of lowering the water table, as has been pointed out, is to make the habitat xerophytic, and one would expect that those areas where the water table is lowest would be most xerophytic. A glance at the plants shows that this is not the case; the outer zone in this lake is occupied by hydrophytes. This is due to secondary changes. Immediately after the water lowers, a number of other changes set in which produce the opposite effect. With the decrease in the position of the water table, there is an increase in the oxygen supply, the number of soil organisms, and a rise in temperature. These produce a change in the composition of the peat, making water more and more available for plants and making the habitat less and less xerophytic. In older parts where this process has been going on for years, there is a decrease in the volume of the peat and a lowering of the surface. In the areas studied around Ann Arbor, this seems to be the explanaft~~~~~~~~~. BOTANICAL GAZETTE [AUGUST the two are bog shrub and tamarack. To these might be added, depending upon its width chiefly, the bog sedge. This conclusion is justified both by a study of the vegetation and the physical conditions. It is believed that the data furnished at least point strongly toward the supposition that these zones are today xerophytic habitats, even though they also prove that these same areas cannot long remain so. Numerous attempts have been made to explain the xerophytic structures in the plants found in these zones, but only slight reference need be made to them in this paper.
Some have regarded the peat bog as a hydrophytic habitat. Thus WHITFORD, after adding to other factors that of "insufficient aeration of the soil which prevents a healthy growth of the root system of land plants and also bars the presence of nitrifying bacteria," says that "these probably bring about xerophytic structures of plants so commonly seen in hydrophytic habitats." He quite correctly regarded the bog chiefly as a hydrophytic habitat. In the area in which he worked also the true bog plants were not as limited in their distribution as in southern Michigan. It is quite probable that other conditions would enter into a detailed study of bogs in the northern part of the state (20) . CLEMENTS (6) feels "that the current explanation of xerophytic bog plants, etc., is probably wrong, and that the discrepancy between the nature of the habitat and the structure of the plant is to be explained by the persistence of a fixed ancestral type." SCHIMPER (15) attributes the xerophytic structures to the presence of humus acids in peat which impede absorption. Liv-INGSTON (I2) has shown that any effect produced by humus acids must be chemical, as "bog waters do not have an appreciable higher concentration of dissolved substances than do the streams and lakes of the same region." NILLSON attributes differences in structure between swamp and bog plants to a difference in food supply, but this will not hold in this area.
TRANSEAU believes from his observations and experiments that "in so far as southern Michigan is concerned (i8, P. 36), the substratum temperatures prevailing in bog areas do not seem to be adequate to account for the presence or absence of bog plants or their xerophilous structures. Experiments suggest, however, that farther north this factor is of prime importance"; again, on page 37, "an examination of all physical and chemical data now available fails to account for the differences in the flora of the bog and swamp areas of this region. The most important factor is believed to be the physiographic history. Where the habitat dates back to Pleistocene times and has remained undisturbed, we find today the bog flora. Where the habitat is of recent origin or has been recently disturbed, we find the swamp flora, or a mixture of bog and swamp species." DACIHNOWSKI (7, 8) believes from his experimental work that the condition which gives rise to xerophily and to zonation in bog plants "lies rather in the toxicity of the soil substratum, that is, in the production of unfavorable soil conditions brought about by the plants themselves." This author further says that "if water transpired is replaced by bog water," which would be the case to a limited extent during the summer when the water table was low and conditions for transpiration excellent, "the soils become more toxic." That is, the first effect of lowering the water table would tend to make the habitat more xerophytic. Further, "decrease in toxicity always follows aeration of the soil and drainage"; that is, an increased lowering of the water table admits oxygen, decreasing the toxicity of the soil and making the habitat less xerophytic. With this is also associated an addition of humus which increases the capacity of the soil "for the adsorption and retention of the toxins." If the results obtained by DACHNOWSKI are correctly explained by him as due to bog toxins, they do not conflict with the data recorded in this paper. It is to be hoped, however, that his studies will ba pushed farther. DAVIS, as has been pointed out earlier in this paper, believes that the bog is a xerophytic habitat, due to the drying of surface layers and the ability of peat to hold large amounts of water which are not available for the plants. The data given in this paper are in accordance with this view, and it appears to the author to more nearly cover conditions than any of the other theories advanced. It is not contradictory to the experimental work of the authors cited; this has been shown in the case of the work of DACHNOWSKI. 
